Introduction
The structure of realgar was originally determined by ITo and coworkers I in 1952 by means of Harker-Kasper relationships and Fourier syntheses of hkO and Okl projections.
The structure of orpiment was originally determined by MORIMOTO 3 and subsequently refined by him 2 by means of Fourier syntheses.
The present refinements of the structures of realgar and orpiment were undertaken to obtain better As-S bond distances, and thus to afford a more precise comparison between the two sulfides.
I. Realgar, AsS

Experimental
Crystal data: = 303 em-I. The material used for the collection of data came from the Lengenbach quarry (Binnatal, Switzerland) .
A spherical sample, 0.186 mm in diameter, was made by polishing a crystal of realgar under the microscope. Cell dimensions were determined by the application of a least-squares method to back-reflection Weissenberg measurements, to obtain a "best fit" for cell parameters.
The space group is P21/n, with hOl absent when h + l = 2n + 1 and OkO absent when k = 2n + 1.
Intensity data were collected using a Supper-Pace two-circle diffractometer with Weissenberg geometry. A continous ill-scan procedure was used to collect a total of 1525 independent reflections , 5 6 7.9* 7.5 -, , 5 , 88.5 -81.6
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6 , 5 11.6* 8.5 -6 9 6 15.7 16.1 -7 6 2 "9.6 48.7 -8 , 6 2.5* -2.4 -9 5 3 "9. , "9.4 It9.7 -7 , 2 13."'* 11.7 -8 2 5 2.0* 1., -9 2 6 ItO.7 ItO.2 -11 1 2 "5. (sinO < 0.707, fl < 45°) about both band c axes, the radiation used being CuKIX. Relative layer scale factors were calculated from cross-level data. Lorentz, polarization and absorption corrections were made, and also corrections for background, but no correction was applied for secondary extinction effects. The data were placed on an approximate absolute scale by means of a Wilson plot. Refinement of the structure Attempts to solve the structure using a symbolic-addition programme were not successful, and the E maps produced contained many spurious peaks.
The coordinates ofITO and co-workers 1 were taken as input coordinates, and a refinement was carried out on these. The initial R factor for all the data with ITO'S coordinates was 0.144. Five rounds of isotropic least-squares refinement, using a block-diagonal approximation, led to a R factor of 0.073. Reflections were given weights proportional to 1/(12where (1 is the estimated standard deviation of the observed structure amplitude (Fo). Weights were highest for medium-value intensities, with a fall-off for strong and weak values. A minimum value of F 0~12.0 was used as a cut-off for low-value data, and only reflections with values greater than this minimum (1205 reflections) were used in the refinement. 320 reflections were omitted: of these all except 24 had values of Fo < 2(1, and 24 had values of Fo < 3(1.
Refinement was then continued anisotropically for five more rounds (1205 reflections), and the R factor dropped to 0.045. At this stage the shifts indicated for the positional coordinates and the anisotropic temperature factors were negligible compared with their standard deviations.
The final R factor for all reflections (1525), both observed and unobserved, was 0.055. A listing of structure factors is given in Table 2b for comparison. Bond distances and angles, together with their estimated standard deviations, were calculated by means of a programme, and these appear in Table 3 . In Table 4 are listed the parameters defining the temperature ellipsoids of the atoms. (2) As(4)-S(3) 2.231 (2) As(2)-S (1) 2.243 (2) As(4)-S(4) 2.228 (2) As(2)-S (3) 2.238 (2) As(1)-As(4) 2.571 (1) As (3)-S(2) 2.247 (2) As (2) (2) cos (3) As ( 
Results
and discussion
The structure obtained by refinement is essentially that of ITo et aU. This may be described as consisting of cradle-like, covalentlybonded AS4S4molecules (Fig. 2) , held together by van der Waals forces. The unit cell contains four such molecules.
ITo et al. give the following description of the AS4S4 unit: "four sulphur and four arsenic atoms, covalently bonded, form a square and a tetrahedron respectively. The sulphur square cuts through the arsenic tetrahedron in the middle." This is clearly seen in the [001] projection in Fig. 1 . This figure also shows that planes of weak van der Waals forces exist normal to the b axis giving rise to a fair cleavage on (010). The AS4S4 molecule has eight independent As-S bond distances, ranging from 2.228 (2) A to 2.247(2) A and two As-As bond distances of 2.566(1) A and 2.571(1) A. The S-As-S angles range from 94.5°t o 95.1°, the As-As-S angles from 98.7°to 100.0°, and the As-S-As angles from 100.8°to 101.3 0.
Intermolecular
contacts are all greater than~.4 A, the shortest being S(1)-As(3)III of 3.410(2) A, S(2)-As(4)III of 3.442(2) A and S(2)-As( 1)III of 3.492 (2) A. The sum of the van der Waals radii for sulfur and arsenic4 is of the order of 3.85 A, and therefore intermolecular contacts in excess of this value are not given in Table 4 , being considered as non-bonding distances.
The shape of the molecule in the solid state is similar to its gaseous configuration, as described by Lu and DONOHUE5, and .ALLEN and SUTTON6. The mean values of the intramolecular bond distances As-S and As-As are 2.237 A and 2.569 A respectively, while in the gas the corresponding distances are 2.23 A and 2.49 A. The mean bond angles in solid and gas also show close agreement, being as follows for the crystal and gas respectively: As-S-As, 101.03°and 101°; As-As-S, 99.36°and 100°; and S-As-S, 94.89°and 93°. The material from which a single crystal was chosen for data collection came also from Binnatal. Orpiment is a pale yellow mineral with perfect (010) cleavage. This cleavage led to difficulties in obtaining a suitable crystal, giving rise to streaking of spots in many cases.
The crystal used for data collection was a small, approximately cylindrical needle with a diameter of 0.014 mm and a length of 0.127 mm. Cell dimensions were obtained from measurements on backreflection Weissenberg photographs, and a least-squares programme was used to obtain the best set of cell parameters from the measurements.
The space group is P 21/n, with hOl absent when h + l = 2 n + 1 and OkO absent when k = 2n + 1.
Intensity data were collected on a Supper-Pace two-circle diffractometer, CuK/X radiation being used. A total of 836 independent reflections (sinO < 0.707, f1,< 480) were measured about the a (needle) axis (layers Okl-l1 k l) .
The intensities were adjusted to take account of background, and Lorentz and polarization corrections were made. Absorption corrections appropriate for a cylindrical crystal were applied, but no correction was made for secondary extinction effects.
Refinement
of the structure A preliminary comparison of the structure amplitudes (Fo) with those of MORIMOTO 2 showed no agreement whatever. A closer inspection revealed that the data were related by the transformation
where H,K,L refer to MORIMOTO'Sindices. Using MORIMOTO'Scoordinates as input for a structure-factor calculation, an initial R factor of 0.81 was obtained. The index transformation above indicates mis-indexing of the data by MORIMOTO,using (unintentionally) an unconventional cell with an acute angle {J, although the cell dimensions are quoted conventionally 2. This error probably arises because the angle {J is measured as 90.50 ::!:0.50 and is very close to 900. Since {J~90 0, the errors in calculated structure factors and in final positional parameters, as given by MORIMOTO,will be negligible.
Applying the above transformation
MORIMOTO'Scoordinates (X, Y,Z), and using the coordinates x,y,z as input for a structure-factor calculation, an initial and acceptable R factor of 0.23 was obtained.
Five rounds of isotropic least-squares refinement (block-diagonal approximation) using 586 reflections (and omitting the remainder, of which 224 had values of Fo < a and 26 had values of Fo < 2a) reduced the R factor to 0.100. At this point, layer scales were adjusted with reference to calculated structure factors, since data about one axis only were available and no cross-level scaling could be applied. One further round of isotropic least-squares refinement reduced R to 0.094, since small adjustments only were required for the layer scale factors. Refinement was then continued anisotropically for a further six rounds, and the final R factor was 0.064. At this stage, all parameter shifts were negligible compared with the corresponding standard deviations. , " '.6 , . , 19.9" 20.6 -5 6 J 17.5* -1".0 -1 2 . 28.5" -28.6 -2 3 1 38.5 -36.1 -3 3 3 3". 8 -30.6 -4 , , 25.5. 22." 5 6 . 13.0" '5.3 1 2 5 13.J* 11.7 2 3 2 79.7 82.6 3 3 , 26."''' 2"'.3
, 5 0 22.2* -17.7 -5 6 . 20.5 -25.2 -1 2 5 10.7*-7.2 -2 3 2 ,.6.5 -",6.6 -3 3 . 67.160.9 . 5 1 14.9. 11.7 5 7 0 8.2" 8. . 8 1 1t.5* 1.7 6 0 , 22.7* 26?' layers themselves are considered by MORIMOT02 to be composed of As-S-As-S chains with a sulfur bridge between arsenic atoms in parallel neighbouring chains. These chains lie parallel with the c direction (Fig.4) .
f Six independent As-S distances occur in the AS2S3layers, ranging from 2.243(5) A to 2.308 (5) An interesting feature of the structure is the large difference between the bond angle of the sulfur atom bridging the spiral chains [S(3)] and the bond angles of the other two sulfur atoms. The angle As(1)-S(3)-As (2) is 87.9(2r, while the angles As(1)-S(1)-As(2) and
As(1)-S(2)-As(2) are 103.7 (2) 0 and 101.0 (2) 0 respectively.
Comparison of the structure of realgar and orpiment
Realgar shows certain striking structural similarities to orpiment, although these are not apparent from a cursory inspection of the two structures. Realgar consists of discrete AS4S4 units, while orpiment is a layer-like structure. However, ITo et al. have shown 1 that both structures may be built from the same basic (AszSz) structural units, giving rise to similar bond distances and angles in both cases (as a comparison of Table 4 with Table 8 will show). In the case of orpiment an additional sulfur atom is added to each AszSz unit to account for the required stoichiometry.
The sulfides of arsenic also bear comparison with arsenic oxides. Thus arsenolite, AS406, also has a cradle-type structure, with additional oxygen atoms attached to the arsenic atoms, while the other modification of AsZ03 (claudetite) has an infinite layer structure.
